The aim of this study is to investigate the possible risk factors of poor sleep quality among patients with type 2 diabetes mellitus on insulin therapy. The factors considered were age, sex, body mass index (BMI), glycosylated haemoglobin (HbA1c), duration of diabetes and depression. A total of 202 diabetic patients aged 20 years or older were included in the study. The results showed that female sex and depression were independent risk factors for poor sleep quality among type 2 diabetics on insulin therapy. Findings may contribute to sleep disorder control in female patients with type 2 diabetes mellitus which has been linked to glycemic control.
Introduction
Diabetes is a major global public health problem. Rapid lifestyle changes have dramatically increased the prevalence of diabetes in recent years. Heart disease is noted in 68% of the death certificates in all deaths related to diabetes. Diabetes has also been attributed to be the leading cause of blindness and kidney failure [1] . The traditional interventional strategies including lifestyle changes such as weight loss, healthy eating, and increased physical
Materials and Methods

Study Design
A total of 202 diabetic patients aged 20 years or older who attended the endocrinology outpatient department at PSGIMSR in the month of July 2013 were studied. 71 were on insulin therapy. An interview was conducted in a separate room. Poor sleep quality measured using validated Pittsburgh Sleep Quality Index. The PSQI was created after observation that most patients with psychiatric disorders also have sleep disorders. The questionnaire has nineteen individual items which were used to generate seven composite scores. The results include seven categories: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. The assessment took about five to ten minutes to administer and score. The patient is responsible for answering the questions from his or her subjective experience over the previous month. There is no machine evaluation of response time or sleepiness. A total PSQI score more than 5 was considered poor sleep quality. Depression was measured using the validated Center for Epidemiological Studies Depression (CESD) Scale [8] [9] . The CESD scale is a short self-report scale designed to measure depressive symptomatology in the general population. The items of the scale are symptoms associated with depression which have been used in previously validated longer scales. It was found to have very high internal consistency and adequate test-retest repeatability. The scale is a useful tool for epidemiologic studies of depression. Subjects who scored more than 16 out of 60 points on the CESD scale were classified as having elevated depressive symptoms. Obesity was defined as BMI > 30 kg/m 2 . The HbA1c values were determined by high performance liquid chromatography. Patients with GDM/Renal replacement therapy/malignancies/liver cirrhosis were excluded. The study got approval from Institution Human Ethics committee.
Statistical Analysis
The data were analysed using SPSS (19.Version). t-test was used to compare the means of the quantitative variables. Chi square to test was used to compare proportions. Multivariate logistic regression analysis was used to compare the factors associated with poor sleep quality. P value less than 0.05 was considered as statistically significant.
Results
It is observed that out of the 71 patients on insulin therapy, 27 were females and 44 patients were males. Of the females, 16 reported a poor sleep quality and among males 15 reported poor sleep quality. The percentage of females were higher 51.6% among those who reported poor sleep quality compared with those having good sleep quality (27.5%) and the difference was statistically significant (p < 0.05). The mean (SD) of duration of diabetes (years) were significantly higher (p < 0.05) among those having poor sleep quality 14.81 (8.86) when compared with those having good sleep quality 10.43 (7.68). The mean CESD score was higher (p < 0.001) among those having poor sleep quality 23.74 (8.57) compared with those having good sleep quality 17.02 (4.28). No significant difference was observed with regard to age, BMI, and HbA1c between those having poor sleep quality and good sleep quality. The findings are presented in Table 1 . In the multivariate logistic regression analysis, it was observed that Sex and Depression were independent risk factors for poor sleep quality among type 2 diabetes on insulin therapy ( Table 2 ).
Discussion
India is known as the diabetes capital of the world. More than 80% of diabetes deaths occur in low-and middleincome countries. WHO projects that diabetes will be the 7th leading cause of death in 2030 [1] . There are complex and interacting factors which affect the control of the quality of sleep in patients with diabetes, and they exert a greater impact on the glycemic control of these patients.
Based on the results obtained, we observed that sex is an independent risk factor for poor sleep quality among those with type 2 diabetes mellitus on insulin therapy. It has been revealed in previous studies that the female sex might have an influence on the number of hours and the quality of sleep a person gets. Our results further validate these findings by showing similar results. The mechanism by which sex may influence the prevalence of sleep quality is still unknown. Previous studies have shown that the PPAR-GAMMA receptor might influence this value, but there are no confirming studies which prove this [10] - [12] . In a developing country like India, where a majority of the population is agriculture dependent, strict gender stereotypes are prevalent and it is important to address the fact that the female population may be unfairly affected by poor sleep quality, which may further translate to having a poorer glycemic control. This being a cross sectional study, we are not be able to infer the direction of association. The factors that contribute to this poor sleep quality among the female diabetics have to be further evaluated by studies and those results might prove valuable to the management of the disease effectively in this sector of the population. A. Sathyanarayanan et al.
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The results also revealed that depression can act as an independent risk factor for poor sleep quality. Many studies have reported that patients with depression tend to experience sleep disruption. Unipolar depression has been attributed to cause sleep quality disruption due to many factors [13] . It has been shown that troubled or fragmented sleep patterns are hallmarks of mood disorders, especially depression [14] . At least 80% of depressed people experience insomnia-difficulty falling asleep or most often, staying asleep [15] [16] . Early morning awakenings are a very characteristic feature of depression and they may also have problems associated with poor sleep quality like day time sleepiness, headache, apnoeic spells, obesity and predispositions to a variety of other morbid illnesses of which the most important remain hypertension and diabetes [15] [16] . Disturbed sleep and nocturnal altered breathing are related to disturbances of glucose metabolism. Many studies have explored the role of these factors on the variability of fasting glycemia [17] [18] . They have revealed that the respiratory and sleep disturbances that are seen due to a variety of factors have a very direct influencing effect on the glycemic control of a patient. Studies have shown positive correlation between the sleeping pattern and the glycemic control. Erratic variations on the sleep schedules of both humans and other animals have shown that they have an adverse influence on the fasting blood glucose levels [19] [20] . Among patients on insulin therapy it is seen that patients who have a higher CESD score are more prone of sleep disturbances, this is in keeping with the other studies. People who are on insulin therapy have a more malignant form of the disease and thus are subjected to a greater amount of medical scrutiny, stricter treatment protocols and guidelines [21] . They are also more likely to have other comorbidities and a greater pressure of maintaining a narrower glycemic level [22] . Most patients are on concurrent medications which might further drive the erratic variations in glucose levels [23] . These factors may also be responsible for the depression in these patients. Since this is a small cross sectional study and we are unable to evaluate the causal relationship.
In our study obesity was not significantly associated with sleep quality. Some studies proved that obesity was correlated with insulin resistance in diabetics, and that insulin resistance is significantly correlated with sleep quality [24] . There are other limitations to this study. We used a questionnaire to evaluate sleep quality rather than performing polysomnography, thus it is a more subjective interpretation of the sleep disturbance. Objective measures have a higher value in establishing a connection between these factors. We did not record the number of insulin doses per day, the dosage of oral diabetic agents and the prevalence of nocturnal hypoglycaemia. Thus the pattern of drug usage may cause variations in the sleep patterns of these patients. This limitation has to be addressed by further studies.
Conclusion
The prevalence of sleep disorders was particularly higher in women. Female patients with type 2 diabetes are more likely to develop subjective sleep disorders during insulin therapy than males. Depression is also prevalent in this vulnerable sector of the population. And both these factors influence the glycemic control. Thus, it becomes vital to further reveal the connections among these factors, the lifestyle habits and other influences attributed to them. This may extend the scope of treatment of diabetics in the future to not only the glycemic control but a holistic approach to addressing their various other concerns which may have a direct bearing on the long-term treatment prognosis and outcome. Thus, more studies are needed to examine the nature of sleep disturbances in patients with type 2 diabetes on insulin therapy particularly among women.
